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Description

SHUTTLE STENT DELIVERY CATHETER

!• INTRODUCTION

The present invention relates to a sTtrent

delivery system, including a tubular stent delivery

catheter (or "shuttle") comprising an expandable

deployment segment, onto which a stent may be mounted

5 in a contracted conformation. Unlike hitherto known

delivery catheters, however, the deployment segment is

not expanded by means intrinsic to itself, but rather

is expanded by ancillary means, for example, by a bal-

loon catheter separate and distinct from the shuttle.

10 2. BACKGROUND OF THF INVENTION

Over the past fifteen years, the fields of

interventional cardiology and interventional radiology

have witnessed a number of paradigm shifts in the

treatment of occluded (so called "stenotic") coronary

15 arteries (among other blood vessels), various^ tubular

conduits and similar structures • The earliest approach,

still used for particular coronary applications, is by-

pass surgery, which constructs a vascular detour around

the occlusion. Later, it was found that in certain

20 patients, a much less invasive approach, which did not

require thoracotomy, could be used. This technique,

known as percutaneous translviminal coronary angioplasty

("PTCA"), introduces a catheter carrying a deflated

balloon into a large blood artery in the leg or arm of

25 a patient, threads the catheter into a partially

occluded coronary artery, and then inflates the balloon

to force open the obstruction. The balloon is then

deflated, and the catheter withdrawn from the patient.

PTCA has, however, two major shortcominigs: first, in 3-

30 5% of patients treated with PTCA, the treated coronary

BAD 0RlGlt4Al.
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artery re-occludes within the first 24-48 hours after

the procedure, despite the use of anticoagulant drugs

to deter the reformation of the occlusion (called

"abrupt closure") ; second, in 30-50% of patients

5 treated with PTCA, the subsequeat. beeiLing process in

the treated coronary artery is associated with suf-

ficient recoil, scarring and/or proliferation of smooth

muscle cells to cause re-occlusion of the artery

(called "restenosis")

.

10 In hopes of preventing abrupt closure and

restenosis, coronary artery stents were developed

(Topol, 1994, N. Engl. J. Med, 331:539-541). Such

stents are tubular devices which provide structural

support for maintaining an open vessel. Recently, the

15 placement of such stents has been found to be associ-

ated with better angiographic and clinical outcomes

than PTCA (Serruys et al., 1994, N. Engl. J. Med.

331 :489-495; Fischman et al., 1994, N. Engl. J. Med.

331:496-501), including a lower rate of restenosis.

20 These benefits were achieved, however, at the price of

significantly higher procedural costs related to intra-

and post-procedural aspects of the stent procedure, and

were associated with a significantly higher risk of

vascular complications (such as hemorrhage) occurring

25 at the percutaneous access site shortly after the stent

procedure. The risk of vascular complications is asso-

ciated with the aggressive anticoagulation regimen used

to avoid thrombosis occurring in the stent itself.

Modifications in the strategy of optimal stent place-

30 ment ("deployment") have been introduced to minimize

the risk of such complications.

In order to provide the necessary structural

functionality as well as a means for adequate anchor-

ing, stents have been designed which enable the pre-

35 dictable increase or decrease of their radial diameter.

Thus, the diameter of a stent may be decreased to per-
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mit its introduction into a blood vessel (or similar

structure) , and then expanded for placement at a

desired location. A change in the diameter of such

stents may be effected by means integral (self-

5 expajiding stents) or ancillary (non-self-pvpanding

stents) to the stent itself*

Self-expanding stents are, prior to place-

ment, maintained in a restrained conformation, such

that when the restraints are removed, the stent

10 expands, like a released spring. A stent delivery

system for a self-expanding stent typically provides a

means for release of the stent after the stent is

positioned in the desired location. Patents which dis-

close examples of such systems include United States

15 Patent No, 4,580,568 (1986) to Gianturco, United States

Patent No. 4,655,771 (1987) to Wallsten, and United

States Patent No. 4,665,918 (1987) to Garza et al.

Examples of non-self-expanding stents are

described in United States Patent No. 4,733,665 by

20 Palmaz, and include, in particular, the Palmaz-Schatz

stent, a single slotted tube of surgical grade stain-

less steel having multiple staggered slots and a

central articulation. The staggered slots allow

expansion of the inner diameter of the tube, the

25 surface structure of which assumes a configuration

resembling chicken-wire as the stent is stretched to

wider diameters. For placement, the Palmaz-Schatz stent

is typically inserted, disposed upon an inflatable bal-

loon at the tip of a catheter, into a stenotic artery,

30 and the position of the stent is secured by inflating

the balloon.

For placement of non-self-expanding stents, a

stent delivery system should reliably deliver the stent

into a vessel, position the stent in the desired

35 implantation site and maintain the desired position

while the stent is radially expanded into the vessel
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vails. The delivery system must disengage from the

implanted stent and allow removal from the vessel in a

straightforward manner. For example. United States

Patent No. 4,922,905 to Strecker discloses a delivery

5 system for a tubular stent knitted from metal or

plastic filament in loosely interlocked loops. This

delivery system comprises the stent, compacted onto the

balloon portion of a delivery catheter, and a coaxial

retractable protective sheath which extends over the

10 stent-balloon assembly. The sheath prevents premature

stent expansion and damage to the stent during its

passage to and within the vessel. When the stent is

positioned in the desired location in the vessel, the

protective sheath is retracted and the stent is

15 expanded by applying distending pressure to the bal-

loon. The balloon is then deflated, and the balloon

catheter, sheath and the remainder of the delivery

system are withdrawn from the vessel. Other patents

which disclose examples of such delivery systems

20 include United States Patent No. 4,733,665 (1988) to

Palmaz, United States Patent No. 4,950,227 (1990) to

Savin et al., and United States Patent No. 4,969,458

(1990) to Wiktor.

Improved strategies, developed prior to the

25 present invention, for implantation of non-self-

expanding stents typically incorporate three distinct

steps. First, where an obstruction narrows a vessel to

an extent which precludes introduction of the stent

delivery system, an adequate channel for passage of the

30 balloon-stent assembly is created by inflating a bal-

loon not carrying a stent within the stenosed region

(hereafter referred to as pre-dilatation) . In order to

avoid excessive trauma to the target vessel, the bal-

loon used for pre-dilatation is optimally of slightly

35 smaller diameter than the vessel adjacent to the treat-

ment site. Second, the balloon-stent assembly is
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advanced into the desired location within the vessel

and the stent is expanded by inflating the carrier

balloon, so as to achieve contact between the stent and

the walls of the vessel (deployment) • In order to

5 achieve sufficient expansion of the stent, along Its

entire length and anchoring of the stent in the target

vessel, the balloon used for deployment is optimally,

when inflated, of the same or slightly greater diameter

than the vessel adjacent to the treatment site and of

10 greater length than the stent. Third, optimization of

the axially symmetric tubular geometry of the stent and

uniform circumferential contact of the stent with the

walls of the vessel is achieved by inflating a balloon

capable of withstanding high distending pressures

15 within the deployed stent (hereafter referred to as

post-dilatation) . In order to avoid damage to the

target vessel adjacent to the implanted stent, the

balloon used for post-dilatation is optimally shorter

than the stent. While the first and third of these

20 three steps may occasionally be omitted, they are

recommended for most stent placement applications.

For best results, the choice of balloon

optimal for one of the foregoing three steps is

typically not optimal for the other steps.

25 The pre-dilatation balloon should have a

relatively small uninflated diameter in order to

reliably cross into the desired location in the vessel.

Further, the pre-dilatation balloon needs to be inflat-

able to a sufficiently large diameter to create a chan-

30 nel adequate for passage of the stent-balloon assembly.

Because stent deployment systems (developed

prior to the invention) for placement of non-self-

expanding stents attach the stent to the deployment

balloon, such an uninflated stent deployment balloon

35 typically needs to be of larger uninflated diameter

relative to the pre-dilatation balloon, so as to permit
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secure mechanical attachment of the stent, and needs to

be longer than the stent itself to insure complete

expansion along the entire length of the stent. The

deployment balloon needs to maintain its structural

5 integrity during mechanical attacbaeat of the stent and

during the delivery of the stent into the target struc-

ture. Further, the stent deployment balloon needs to be

inflated to pressures sufficient to insure stent expan-

sion and anchoring in the vessel.

10 The post-dilatation balloon is preferably

shorter than the stent in order to minimize trauma to

the vessel adjacent to the stent. Moreover, the post-

dilatation balloon should be capable of withstanding

inflations to high pressures in order to effect optimal

15 and complete stent expansion.

In performing a three-step stent placement

procedure, an operator inserting a stent in a patient

may typically choose between either using two or more

different balloons for the three steps of stent deploy-

20 ment, or using a single balloon for the entire pro-

cedure. If multiple balloons are used, the operator may

select balloons optimal for each step, at the expense

of increased cost of the procedure and additional time

required. Balloon exchanges may also require special

25 exchange-length guide wires and additional assistants,

may introduce the possibility of loss of access to the

treatment site, and typically are associated with some

blood loss. If a single balloon is used, optimal per-

formance at one or more of the steps might be com-

30 promised. Even if the single balloon strategy is used,

the balloon must be removed following pre-dilatation,

the stent mounted on it by the operator, and the stent-

balloon assembly re-introduced into the patient for

stent deployment. As noted above, such manipulations

3 5 increase the opportunity for hemorrhagic complications
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and increase the technical difficulty of the stent
procedure.

3. SUMMARY OF THE INVENTION

The present invention relates ta a <r^qi;^-»-

delivery system which provides the benefits of an
optimal three-step stent placement procedure using
multiple balloons, but which obviates the need for
balloon exchanges • It is based, at least in part, on
the discovery of a tubular stent delivery catheter

(hereafter referred to as a "shuttle") comprising a

deployment segment having an expandable portion, onto
which a stent may be mounted in a contracted con-
formation. Unlike hitherto known delivery catheters,
however, the deployment segment is not expanded by
means intrinsic to itself, but rather is expanded by
ancillary means, for example, by a balloon catheter
separate and distinct from the shuttle. Multiple
balloon changes are rendered unnecessary because the

structural design of the deployment segment supplies
the optimal physical characteristics offered by
multiple balloons.

For example, in a particular embodiment of
the invention, a shuttle comprises a deployment segment
having an expandable portion over which a stent is

mounted in contracted condition. The stent-bearing

expandable portion of the deployment segment is flanked
by segments which are not expandable to the same degree
as the stent-bearing portion. Optionally, the deploy-
ment segment comprises a releasable biological, pharma-
ceutical, or structural substance. For stent placement

in a partially occluded blood vessel (or similar struc-

ture) in a patient, a guide wire, having a length

greater than the balloon catheter, may be introduced

into the vessel. A shuttle with an expandable stent

mechanically or by other means attached onto the
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10

deployment segment in contracted condition, may be

mounted coaxially over the shaft of the balloon

catheter outside the patient. The shuttle may be

designed to be coaxially mounted over the shaft of the

balloon catheter over the entire length of the shuttle

(hereafter referred to as an "over the catheter" shut-

tle) or only over a distal segment of the shuttle com-

prising the deployment segment (hereafter referred to

as a "monorail" shuttle). For the over-the catheter

shuttle, the balloon catheter used has a length greater

than the shuttle. The balloon catheter is designed such

that the balloon is reliably and repeatedly capable of

advancing in unexpanded f i.e. . never inflated) or col-

lapsed ( i.e. . inflated at least once and then deflated)

15 condition through the entire length of the shuttle and

in and out of the distal end of the stent shuttle. The

occluded region of the vessel may then be pre-dilated

using the balloon catheter. Then, without withdrawing

the balloon catheter from the patient, the balloon may

be deflated and advanced beyond (distal to) the occlu-

sion, and the shuttle, fitting over the shaft of the

balloon catheter, may be positioned such that the

stent-bearing deployment segment is positioned within

the pre-dilated occluded portion of the vessel. The

25 balloon may then be pulled back into the deployment

segment of the shuttle, and expanded to high pressures.

Expanding the balloon accomplishes deployment of the

stent, and also offers the benefits of post-dilatation.

The need for a separate, shorter, post-dilatation bal-

30 loon should be obviated by the relatively non-expandr

able segments flanking the expandable region of the

deployment segment, which protect the vessel adjacent

to the stent from damage. Moreover, releasable sub-

stances comprised in the deployment segment may be

35 liberated by the expansion of the deployment segment

via inflation of the balloon. Following stent deploy-

20
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ment, the balloon may be deflated and the stent

delivery and balloon catheters may be removed from the

patient.

In various embodiments, the stent delivery

5 system of the invention may be used for the placement

of either non-self«*expanding or self-expanding stents

in blood vessels or similar structures.

The present invention further provides for

embodiments which enable the placement of multiple

10 stents in a single procedure, as well as for embodi-

ments incorporating a means for trapping material dis-

lodged in the stent placement process, thereby dimin-

ishing the risk of distal embolization.

15 4. BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1. The distal end of a stent delivery

system according to the invention.

FIGURE 2. Pre-dilatation of a partially

occluded vessel.

20 FIGURE 3. Stent positioning following pre-

dilatation.

FIGURE 4. Withdrawal of the balloon into the

deployment segment.

FIGURE 5. Stent deployment.

25 FIGURE 6. Protective sheath extending over

the stent.

FIGURE 7. Release mechanism of self-expanding

stent.

FIGURE 8. Embolic filter at distal end of

30 shuttle.

FIGURE 9. Distal end of shuttle for multiple

stent deployment,

FIGURE 10. Balloon design, showing long

tapered ends and small refolded diameter.

35 FIGURE 11. Release of a pharmaceutical

substance during stent deployment.
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5- DETAILED DESCRIPTION OF THE INVENTION

Stent delivery systems of the invention share

the common feature of a shuttle having a stent deploy-

ment segment which is expanded by a means ancillary to

5 the delivery catheter, such as by a balloon catheter.

Such systems may be better understood by

reference to the figures, which illustrate nonlimiting

embodiments of the invention.

FIGURE 1 depicts the distal end of a stent

10 delivery system according to the invention, comprising

a shuttle (1) having a deployment segment (2) carrying

a stent (here, a non-self-expandable Palmaz-Schatz

stent; 3a) compacted over an expandable portion (4) of

the deployment segment, which is flanked by relatively

15 non-expandable segments (5) . Detectable markers (6) are

located on the expandable portion of the deployment

segment, which may be used to monitor the position of

the stent. The shuttle in this embodiment is coaxial

with the shaft of a balloon catheter (7) , here showing

20 the balloon (8) , in an uninflated condition, extending

beyond the distal end (9) of the shuttle.

FIGURE 2 presents a diagram of pre-dilatation

of a partially occluded vessel (10), prior to stent

placement, using the system depicted in Figure 1. The

25 balloon (8) has been passed, in an uninflated condi-

tion, within the occluded area (11) and then inflated.

The shuttle remains in the guiding catheter (12)

.

FIGURE 3 presents a diagram of stent posi-

tioning following pre-dilatation as shown in Figure 2.

30 The balloon (8) has been deflated and advanced beyond

(distal to) the pre-dilated occluded region of the ves-

sel (11), and the deployment segment of the shuttle has

been advanced over the shaft of the balloon catheter

such that the stent (3a) is in the desired position, as

35 indicated by the detectable markers (6).
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FIGURE 4 presents a diagram of preparation
for stent deployment following proper positioning of
the stent as shown in Figure 3. Keeping the distal end
(9) of the shuttle stationary, the deflated balloon (8)
has been pulled back into the deployment c.^J»^T,^- Qf the
shuttle.

FIGURE 5 presents a diagram of stent deploy-
ment following repositioning of the balloon as shown in
Figure 4. The balloon (8) is inflated to effect deploy-
ment of the stent, (which assumes an expanded con-
formation; 3b). Note that the regions of the deployment
segment (5) flanking the expandable portion (4) do not
expand to the same degree as the stent-bearing expand-
able portion (4), thereby sparing the vessel (10) adja-
cent to the stent from damage.

FIGURE 6 depicts a protective sheath (13)
which originates proximally and extends over the stent
(3a)

.

FIGURE 7 depicts a release mechanism for a

self-expanding stent (3c) , wherein the stent (3c) is
restrained, prior to deployment, by sleeves (14) which
are attached to the flanks (5) of the deployment seg-
ment (2), wherein the sleeves (14) are pulled apart (as
shown by arrows) when the deployment segment (2) is
expanded by a balloon (8) . By pulling apart the
sleeves (14), the stent (3c) is released and allowed to
expand.

FIGURE 8 depicts an embolic filter (16)
attached to a thin shaft (15) running through the inner
lumen of the shuttle; The shaft (15) may be manipulated
by the operator at the proximal end of the shuttle, and
may be used to advance, retain, or withdraw the embolic
filter.

FIGURE 9 depicts the distal end of a shuttle
used to deploy multiple stents (3a), showing multiple
deployment segments (2)

.

6mu oniulNAL
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FIGURE 10 depicts a balloon (8), showing long

tapered ends (17) and small refolded diameters.

In FIGURE 11, a pharmaceutical substance

(magnified cross-sectional views; pharmaceutical

substance represented by open triangles) comprised in

thin-walled vacuoles in the deployment segment (A) is

released when the deployment segment is expanded,

causing the vacuoles to rupture (B)

.

For purposes of clarity of description, and

not by way of limitation, a further detailed des-

cription of the invention is divided into the following

subsections

:

(i) stents;

(ii) shuttles;

(iii) ancillary means of expansion; and

(iv) methods of stent placement.

5*1- STENTS

Stents which may be delivered according to

the invention include any stent intended to be placed

within a blood vessel (e.g. an artery or vein,

including but not limited to a coronary artery, a

carotid artery, the aorta and vena cava) or similar

structure- Similar structures include, but are not

limited to, tubular organs or spaces such as a ureter,

urethra, esophagus, bile duct, tear duct, bronchus or

trachea

•

Vascular stents which may be used according

to the invention include but are not limited to Palmaz-

Schatz, Gianturco-Roubin, Strecker, Wiktor, Wallsten

and Cordis stents. Stents which may be delivered

according to the invention are not limited as to the

design, material, length or thickness of the stent, and

multiple contiguous or non-contiguous stents may be

delivered.
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5.2. SHUTTLES

A shuttle, according to the invention, is a

tubular structure having a distal and a proximal end,

wherein the proximal end may preferably be kept outside

5 of the patient (thereby allowing the operator to adjust

the position of the stent during placement) and com-

prising a deployment segment (used for carrying and

deploying the stent) located at or near the distal end.

A specific example of the distal end of such a shuttle

10 is depicted in Figure i.

The shuttle may be fabricated from a variety

of materials, including, but not limited to, poly-

ethylene, nylon, and nitinol, which are the preferred

materials for the placement of stents in blood vessels.

15 The length and radial diameter of the shuttle may vary

depending upon the vessel or similar structure into

which the stent is to be placed. For example, the

approximate length of the shuttle for placement of a

stent into a coronary artery may be in the range of

20 from 80 to 14 0 centimeters, and preferably from 90 to

125 centimeters, the outer radial diameter may be in

the range of from 1.0 to 2.0 millimeters, and pre-

ferably from 1.3 to 1.7 millimeters, and the inner

radial diameter may be in the range of from 0.8 to 1.6

25 millimeters, and preferably from 0.9 to 1.3

millimeters.

The deployment segment of the shuttle com-

prises an expandable portion, onto which the stent may

be mounted (e.g., compacted) prior to placement in a

30 patient, and regions flanking the expandable portion

(called **flanks") which are not expandable or are less

expandable than the expandable portion. The expandable

portion and flanks may be fabricated of different

materials, having different expandabilities. Alterna-

35 tively, the expandable portion may be made of the same

material as the remainder of the shuttle, and the
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flanks may be created by placing two short tubular por-

tions of reinforcing material at the distal end of the

delivery catheter, with a space between the short

tubular portions, wherein the space is the expandable

5 portijon of the deployment, segment* For example, for

purposes of placing a stent in a coronary artery, the

length of the expandable portion may be as long as, or

preferably only slightly longer than, the stent which

is to be placed, for example, in the range of from 5 to

10 35 millimeters, and preferably from 9 to 30 milli-

meters. Markers, for example radiopaque markers such

as gold, tantalum or platinum markers may be placed at

the boundaries between the expandable portion and the

flanks or between the flanks and the remainder of the

15 shuttle to aid in stent positioning.

The stent may be compacted onto the expand-

able portion of the deployment segment prior to place-

ment in the patient. For non-self-expanding stents,

such as, for example, a Palmaz-Schatz stent, the stent

20 may simply be crimped onto the expandable portion of

the deployment segment. For self-expanding stents, the

stent may be retained in non-expanded form on the shut-

tle by a restraining mechanism. For example, con-

straining sleeves may extend over both edges of the

25 stent, retaining it in place until the sleeves are

pulled apart by expansion of the expandable portion of

the deployment segment (see, for example, Figure 7) . In

the case of self-expanding or non-self expanding

stents, the shuttle may optionally comprise a pro-

30 tective sheath which may cover the stent prior to

deployment (see, for example. Figure 6); such a sheath

may be removed by retracting it by pulling on its

proximal end, which may be kept outside of the patient

at all times,

35 In nonlimiting embodiments of the invention,

more than one deployment segment/stent assembly may be



wo 96/33677 PCT/US96/05794

-15-

comprised in a single shuttle, so as to permit the

placement of multiple stents during a single procedure

(see, for example, Figure 9).

In certain, nonlimiting embodiments of the

5 invention^ biological, pharmaceutical, and/or stinic-

tural materials may be incorporated into the deployment

segment of the shuttle, such that these materials may

be released upon expansion of the deployment segment by

an ancillary means. For example, such materials may be

10 incorporated into thin-walled vacuoles near the surface

of the deployment segment closest to the wall of the

vessel or similar structure into which the stent is to

be placed, such that the vacuoles may rupture,

releasing their contents, when the deployment segment

15 is expanded (FIGURE 11). As another example, a bio-

degradable polymer layer with antithrombotic and/or

antiproliferative properties may be incorporated into

the stent delivery catheter either over the mounted

stent or between the stent and the expandable portion

20 of the deployment segment. When the deployment segment

and the stent are expanded, this layer may be released

from the shuttle while remaining attached to the stent

in the treatment site. Materials which may be

incorporated into the deployment segment include, but

25 are not limited to, anticoagulants such as heparin,

hirudin, hirulog, or platelet receptor inhibitors,

thrombolytic agents such as tissue plasminogen

activator, compounds that deter the proliferation of

vascular smooth muscle cells (thereby decreasing the

30 likelihood of restenosis) such as radioactive

compounds, anti-CD41 antibodies or antisense

oligodeoxynucleotides, radiopaque materials such as

iodine or barium salts, structural materials such as

fibrin layers, endothelial cells, segments of veins or

35 arteries or synthetic grafts such as dacron. It should

be noted that incorporation of such materials into the
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deployment segment, with consequent local release at

the site of stent placement, may decrease or eliminate

the need for systemic administration of such agents or

other adjunct therapies. For example, the need for

5 aggressive systemic anticoagulati.on may be decreased,

thereby diminishing the likelihood of hemorrhagic

complications at the vascular access site.

In particular, nonlimiting embodiments of the

invention, the distal tip of the shuttle may be

10 designed so as to facilitate withdrawal of an ancillary

means of expansion such as a balloon into the deploy-

ment segment, for example subsequent to pre-dilatation.

In alternative embodiments, the distal end of the shut-

tle may be either of a fixed or of an alterable con-

15 figuration. For example, to achieve an alterable con-

figuration, the distal tip of the shuttle may be con-

structed of a thermal memory alloy, such as nitinol.

Such a nitinol tip may be maintained at a small radial

diameter to facilitate passage of the catheter into a

20 vessel or similar structure. Following pre-dilatation,

for example with a balloon catheter, when it is neces-

sary to withdraw the deflated balloon into the deploy-

ment segment of the shuttle, the configuration of the

nitinol tip may be altered, for example, using a weak

25 electrical current, to assume a funnel shape that may

better accommodate withdrawal of the balloon. Termina-

tion of the current may then restore the initial shape

of the distal tip of the shuttle.

In further nonlimiting embodiments of the

30 invention, the shuttle may comprise, at its distal end,

a structure capable of forming an embolic filter, with

fenestrations large enough to permit the passage of

blood or other fluid, but small enough to trap debris

(such as fragments of thrombus or atherosclerotic

35 plaque) freed during pre-dilatation or stent deploy-

ment. The filter may be capable of fitting over, for
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example, a balloon catheter shaft or guidewire, and may

be capable of expansion by intrinsic or ancillary

means. For example, an intrinsic means of expansion

would include a filter constructed of a thermal memory

5 alloy such as nitinol, which may be eypandPd by a weak

electrical current. As an example of an ancillary means

of expansion, a balloon may be used to expand the fil-

ter. In either case, the filter and distal region of

the shuttle may desirably be constructed such that the

10 filter may be advanced distal to the obstructed region

of the vessel and expanded prior to pre-dilatation and

stent deployment. The filter itself may preferably be

sufficiently flexible, by virtue of the material of

which it is made or its construction, to permit pull-

15 back of the entire delivery system following stent

deployment, with the filter in its expanded shape.

A non-limiting example of such an embolic

filter, comprised at the distal end of a stent delivery

sheath, is depicted in Figure 8. According to this

20 embodiment, the filter is comprised in a separate ele-

ment, wherein the filter (including, but not limited

to, a coiled structure as depicted in Figure 8) is

positioned distal to the distal end of the shuttle, and

is connected to a small diameter shaft running through

25 the shuttle and extending its proximal end outside of

the patient, to permit manipulation by the operator

(e.g. forward advancement, retention, and withdrawal)

.

Such a filter may be particularly useful, for example,

in the placement of a carotid artery stent, to diminish

30 the risk of embolization of thrombus or plaque to the

brain, which may have profound clinical consequences

and has, hitherto, limited the applicability of the

stent-based treatment strategy in cerebral vasculature.

For placement in a partially obstructed carotid artery,

35 for example, the shuttle with an expandable filter at

its distal tip and with the stent attached in a com-
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pacted condition over the expandable deployment segment

of the shuttle may be coaxially mounted over the shaft

of an appropriate balloon catheter outside the patient.

The unexpanded balloon may be advanced over a guidewire

5 distal to the lesion while the shuttle is retained

inside the guiding catheter. Then, using the small

diameter shaft, the embolic filter may be separated

from the remainder of the shuttle and advanced over the

shaft of the balloon to a position distal to the

10 obstruction. The filter may then be expanded by

intrinsic or ancillary means (e.g., the balloon),

wherein the expanded filter may protect the brain from

embolization during pre-dilatation of the treatment

site and during stent deployment. While keeping the

15 embolic filter stationary, the obstructed segment may

then be pre-dilated with the balloon. The balloon may

then be deflated and advanced over the guide wire

distal to the treatment site. Maintaining the embolic

filter in its location, the shuttle may then be posi-

20 tioned so that the expandable segment with the stent

mounted on it is in the desired location. While the

positions of the shuttle and the filter are maintained,

the balloon catheter may then be pulled back into the

expandable segment and inflated, thereby deploying the

25 stent. Following balloon deflation, the shuttle-balloon

catheter assembly with the filter in its expanded con-

formation may be pulled out of the carotid artery into

the descending aorta and out of the patient. Relatively

small fragments of plaque and/or thrombus released

30 during the procedure and trapped in the filter may thus

be removed out of the patient or may embolize into the

systemic arterial circulation with much less grave

clinical sequelae.

In an additional, non-limiting embodiment of

35 the invention, the embolic filter may have an alterable

configuration; for example, the filter may be con-
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structed of nitinol, and have a first conformation

which is a straight wire. Upon the passage of elec*

trical current, this straight wire may assume a second

conformation which is an inverted conical spiral of

5 preset maximal diameter*

For stent placement, the deployment segment

of the delivery catheter may be placed over the shaft

of an ancillary means of expansion, such as a balloon

catheter. This may be advantageous, as the delivery of

10 stents may be improved (relative to placement over a

guide wire) by the use of a more rigid and larger

diameter shaft as a guiderail for advancing the stent

deployment segment assembly into the desired position.

The shuttle may be coaxial with the ancillary means of

15 expansion over the entire length or over part of the

length of the ancillary means of expansion.

5.3. ANCILLARY MEANS OF EXPANSION

The stent delivery system of the invention

provides for an ancillary means of expanding the

20 deployment segment of the shuttle. While means of

expansion other than a balloon catheter are envisioned,

such as, for example, a nitinol wire, the distal seg-

ment of which is made to become a coil of a pre-

determined diameter when placed within the expandable

25 deployment segment , of the shuttle and when a weak elec-

trical current is passed through such a nitinol wire,

this ancillary element will be exemplified by and

referred to hereafter as a balloon catheter.

The balloon catheter may be fabricated from a

3 0 variety of materials, including, but not limited to,

polyethylene and nylon, which are the preferred

materials for the placement of stents in blood vessels.

As described above with relation to the shut-

tle, the length and radial diameter of the balloon

35 catheter may vary depending upon the vessel or similar
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Structure into which the stent is to be placed. For

example, the approximate length of a balloon catheter

for placement of a stent into a coronary artery may be

in the range of from 80 to 140 centimeters, and pre-

5 ferably from 90 to 125 centimeters, and the radial

diameter of the catheter portion may be in the range of

from 0.8 to 1.6 millimeters, and preferably from 0.9 to
1.3 millimeters.

The balloon portion of the balloon catheter

10 may desirably be structured such that the balloon is

capable of repeatedly and reliably advancing in unex-

panded condition as well as in collapsed condition

through the entire length of the shuttle, and in and

out of the distal end of the shuttle. For example, in

15 order to achieve these goals, the balloon may pre-

ferably be a non-compliant high-pressure balloon with

longer tapered ends and a smaller refolded diameter as

depicted in Figure 10. Such a balloon may have an exag-

gerated gradual gentle shoulder, wherein the change

20 from the diameter of the balloon shaft adjacent to the

balloon membrane (to which the balloon membrane is

tethered) to the diameter of the fully expanded balloon

takes place over a relatively long distance. Upon

deflation, such a balloon, even if it is a high-

25 pressure balloon, may preferably collapse with its

edges re-wrapped snugly on the shaft without heaping

up. Most preferably, such a balloon maintains the

diameter of the collapsed balloon (which consists of

the collapsed balloon membrane and tapered catheter

30 shaft) smaller than the more proximal shaft of the

catheter

•

The balloon in preferably fabricated from

polyethylene or nylon. In a specific, nonlimiting

example, where the balloon is to be used in a delivery

35 system for stent placement in coronary arteries, the

balloon may preferably reach, in an inflated state, a
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diameter ranging from 2.0 to 5.0 millimeters, and more

preferably from 2.5 to 4.5 millimeters, and an internal

pressure of from 0 to 20 atmospheres, and more pre-

ferably from 4 to 20 atmospheres. Such a balloon may

5 preferably have a rated hurst pressure of from 12 to

20 atmospheres.

5.4. METHODS OF STENT PLACEMENT

The following is a general description of a

method for stent placement. Various modifications to

10 this method may be required depending on the structure

into which the stent is to be placed, and the needs of

particular patients. First, the vessel or similar

structure for stenting may be identified, and a path

for the stent delivery system may be established* In

15 the case of a blood vessel, a guiding catheter and a

guide wire may be inserted.

Then, a shuttle with an expandable stent

mechanically or by other means attached onto the

deployment segment in contracted condition may be

20 mounted coaxially over the shaft of a balloon catheter

outside the patient in either over-the-catheter or

monorail manner depending on the type of shuttle

embodiment. The distal end of the balloon catheter

becomes the distal tip of such shuttle-balloon catheter

25 assembly.

Next, the shuttle-balloon catheter assembly

may be inserted into the guiding catheter over the

guide wire.

Where an embolic filter is used, the filter,

30 in a collapsed state, may be advanced out of the

guiding catheter distal to the obstructed region while

the remainder of the shuttle is retained inside the

guiding catheter by the application of traction on the

proximal ends of the shuttle kept outside the patient.
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The filter may then be expanded by an intrinsic or
ancillary mechanism (see supra) «

Next, while the shuttle is retained on the
shaft of the balloon catheter inside the guiding

5 catheter by application of traction on its proximaJL end
kept outside the patient, the means of expansion (e.g.,

balloon) may be positioned within the obstruction,

expanded to predilate the region prior to' stent place-
ment (see Figure 2), and then deflated and advanced

10 distal to the obstruction. In certain circumstances,
for example where an adequate passageway for the
deployment segment of the shuttle already exists, pre-
dilatation may not be necessary. In such circumstances,
the unexpanded balloon catheter may be advanced distal

15 to the obstruction.

The stent, carried on the deployment segment
of the shuttle, may then be moved into the desired
position within (and preferably extending over) the

obstruction, as shown in Figure 3, while the position
20 of the balloon catheter in the coronary artery is main-

tained by application of traction on its proximal end
kept outside the patient. Radiopaque markers defining
the location of the stent on the catheter may aid in

stent positioning.

25 The deflated balloon may be withdrawn into

the deployment segment, as shown in Figure 4. In cer-

tain specific embodiments of the invention, this with-

drawal may be facilitated by an alterable distal tip of

the shuttle, for example, wherein the tip is con-

30 structed of a thermal memory alloy such as nitinol, and

a weak electrical current may be used to create a wider

aperture to facilitate withdrawal of the balloon.

Next, the balloon may be inflated to deploy

the stent, as shown in Figure 5. Where the stent is a

35 self-expanding stent, expansion of the deployment seg-

ment creates a structural change that releases the con-
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Strained stent; for example, central expansion may

release the stent from peripherally located sleeves

which overlap the edges of the stent (see Figure 7).

Regions of the vessel on either side of the stent would

S tend to be protected by the relatively Less expandable

flanks on either side of the expandable portion of the

deployment segment. In specific, nonlimiting embodi-
.

ments of the invention, pharmaceutical substances may

be released by expansion of the deployment segment.

10 Following deployment, the balloon may be

deflated* If multiple stents are to be placed, pre-

dilatation, repositioning, and deployment steps may be

repeated. Otherwise, the entire stent delivery assembly

may be withdrawn from the patient.

15 In a specific, non-limiting embodiment of the

invention, where a Palmaz-Schatz stent is to be placed

in a coronary artery of a subject, the following method

may be used.

The ostium of the target coronary artery may

20 be engaged with a 7F (2.33 millimeters) or larger

external diameter guiding catheter with an internal

diameter of not less than 2.0 millimeters. The target

lesion in the target coronary artery may then be cros-

sed with a guidewire compatible with the balloon

25 catheter intended to be used for the procedure. The

distal tip of the guide wire may be positioned as dis-^

tally as possible in the target coronary artery.

Typically, the guide wire with the stiffest shaft and

of the largest diameter compatible with the balloon

30 catheter intended to be used for the procedure may be

used.

Then, a shuttle with a Palmaz-Schatz stent

mechanically (or by other means) attached onto the

deployment segment in contracted condition may be

35 mounted coaxially over the shaft of a balloon catheter

outside the patient in either over-the-catheter or
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monorail manner depending on the type of shuttle
embodiment. The distal end of the balloon catheter
becomes the distal tip of the shuttle--balloon catheter
assembly. The balloon catheter compatible with the
guide wire placed inside the target coronary artery may
be used. The balloon catheter may be selected so that
its expanded diameter is appropriate for the intended
treatment site in the target vessel; typically, its

diameter may be slightly greater than that of the tar-
get vessel immediately adjacent to the intended site of
stent implantation.

Next, the shuttle-balloon catheter assembly
may be inserted into the guiding catheter over the
guide wire.

Next, while the shuttle is retained on the
shaft of the balloon catheter inside the guiding
catheter by application of traction on its proximal end
kept outside the patient, the balloon segment of the
balloon catheter may be positioned within the obstruc-
tion, expanded to 2 to 20 atmospheres for 15 to 300

seconds to predilate the region prior to stent place-
ment (see Figure 2), and then deflated and advanced
distal to the obstruction. In certain circumstances,

for example where an adequate passageway for the

deployment segment of the stent delivery catheter
already exists, pre-dilation may not be necessary. In
such circumstances, the unexpanded balloon catheter may
be advanced distal to the obstruction.

The Palmaz-Schatz stent, carried on the

deployment segment of the shuttle, may then be moved .

into the desired position within (and preferably

extending over) the obstruction, as shown in Figure 3,

while the position of the balloon catheter in the

coronary artery is maintained by application of trac-

tion on its proximal end kept outside the patient.
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Radiopaque markers defining the location of the stent

on the catheter may aid in stent positioning.

The deflated balloon may be withdrawn into

the deployment segment, as shown in Figure 4. In cer-

5 tain specific embodiments of ttaje inventojon, thJLs vitJbL-

drawal may be facilitated by an alterable distal tip of

the stent delivery catheter, for example, wherein the

tip is constructed of a thermal memory alloy such as

nitinol, and a weak electrical current may be used to

10 create a wider aperture to facilitate withdrawal of the

balloon.

Next, the balloon may be inflated to 6 to 20

atmospheres for 15 to 300 seconds to deploy the stent,

as shown in Figure 5. Regions of the vessel on either

15 side of the stent would tend to be protected by the

relatively less expandable flanks on either side of the

expandable portion of the deployment segment- In

specific, non-limiting embodiments of the invention,

pharmaceutical substances may be released by expansion

20 of the deployment segment.

Following deployment, the balloon may be

deflated. If multiple Palmaz-Schatz stents are to be

placed, pre-dilatation, repositioning, and deployment

steps may be repeated. Otherwise, the entire stent

25 delivery assembly may be withdrawn from the patient.

Various publications are cited herein, which

are hereby incorporated by reference in their entire-

ties.
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WHAT IS CLAIMED IS:

1. A shuttle for delivering a stent in a
patient comprising a tubular catheter having, at the
distal end of the tubular catheter, a deployment
segment, such that the deploymeat segment is capad^ie of
being expanded by means of a separate balloon catheter
to deliver a stent in a desired location in the
patient.

2. The shuttle of claim 1, wherein a stent is
mounted on the deployment segment,

3. The shuttle of claim 2, wherein the stent
is a self-expanding stent.

4. The shuttle of claim 2, wherein the stent
is a non-self-expanding stent.

5. The shuttle of claim 4, wherein the stent
is a Palmaz-Schatz stent.

6. The shuttle of claim 1, wherein the
deployment segment comprises an expandable portion
flanked, on either side, by regions that are less
expandable than the expandable portion.

7. The shuttle of claim 6, wherein a stent is
mounted on the expandable portion of the deployment
segment

.

8. The shuttle of claim 7, wherein the stent
is a self-expanding stent.

9. The shuttle of claim 7, wherein the stent
is a non-self-expanding stent.

10. The shuttle of claim 9, wherein the stent
is a Palmaz-Schatz stent.

11. The shuttle of claim 1 comprising more
than one deployment segments.

12. The shuttle of claim 11 carrying a stent
on each deployment segment.

13. The shuttle of claim 6 comprising more
than one deployment segments.
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14. The shuttle of claim 13 carrying a stent

on each deployment segment.

15. The shuttle of claim 1, wherein the

deployment segment comprises a pharmaceutical substance

S in releasable form.

16. The shuttle of claim 6, wherein the

expandable portion of the deployment segment- comprises

a pharmaceutical substance in releasable form.

17. A stent delivery system comprising

10 (a) a shuttle for delivering a stent in a patient

comprising a tubular catheter having, at the distal end

of the tubular catheter, a deployment segment having an

expandable portion;

(b) a stent mounted on the expandable portion of

15 the deployment segment; and

(c) a balloon catheter having a shaft and

comprising a balloon at its distal end;

wherein the deployment segment may be passed over

the shaft of the balloon catheter and its expandable

20 portion may be expanded by inflation of the balloon to

deliver the stent in a desired location in the patient.

18. The shuttle of claim 1, further com-

prising an embolic filter attached to the distal end of

the tubular catheter.

25 19. The stent delivery system of claim 17,

further comprising an embolic filter attached to the

distal end of the tubular catheter.

20. A method for placing a stent in a vessel

of a patient wherein the vessel contains an obstruc-

30 tion, comprising

(i) introducing a balloon catheter, having a shaft

and comprising a balloon at its distal end, into the

vessel such that the balloon is within the obstruction;

(ii) inflating the balloon so as to dilate the

35 obstruction;

(iii) deflating the balloon;
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(iv) advancing the balloon distal to the
obstruction;

(V) passing a shuttle, comprising a tubular
catheter having, at the distal end of the tubular

5 catheter, a deployment segment having an expandable
portion, wherein a stent is mounted on the expandable
portion of the deployment segment, over the shaft of
the balloon catheter, such that the stent is positioned
within the dilated obstruction;

1® (vi) withdrawing the deflated balloon into the
shuttle such that the balloon lies within the deploy-
ment segment;

(vii) inflating the balloon, thereby expanding the
expandable portion of the deployment segment and

15 delivering the stent within the dilated obstruction;
and

(viii) withdrawing the shuttle and the balloon
catheter from the patient.
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